Objective: The most accurate way to measure urinary iodine excretion in epidemiological surveys is still debated. We propose a new principle of estimating iodine excretion based on casual urine samples. Material and methods: A total of 123 24 h urine samples and corresponding casual urine samples were collected from 31 subjects. Iodine excretion was expressed as 24 h iodine excretion and three different estimates: iodine concentration in the casual sample, iodineagram creatinine in the casual sample, and the new principle Ð iodineacreatinine ratio in the casual sample, adjusted for expected creatinine excretion of the individual. Results: All three estimates based on casual urine samples correlated signi®cantly to 24 h values with a r (Pearson) of 0.37 for iodine concentration, 0.61 for iodineacreatinine ratio and 0.62 for the age-and sex-adjusted iodineacreatinine ratio. The median iodine excretion in the entire group was 143 mgaday in 24 h samples, 87 mgal as iodine concentration, 77 mgag creatinine as iodineacreatinine ratio and 126 mgaday as age-and sex-adjusted iodineacreatinine ratio. Conclusion: Age-and sex-adjusted iodineacreatinine ratio is a more accurate and unbiased estimate of iodine excretion in epidemiological surveys of adults than the two most frequently used estimated: iodine concentration and iodineagram creatinine, as these two estimates may introduce a bias depending on the composition of the investigated group. The adjusted iodineacreatinine ratio is superior to the other estimates, especially when individual estimates of 24 h iodine excretion is required or cohorts of selected groups are investigated. Sponsorship: This work was supported by grants from the Medical Research Foundation Region Greater
Introduction
How iodine excretion is best evaluated in epidemiological investigations is still a matter of continual discussion. Preferably 24 h urine collections should be obtained, but as compliance may be low for 24 h collections, estimates based on spot urine samples are often preferred. Iodine excretion is then expressed either as median iodine concentration in the samples or as an iodineacreatinine ratio. The reliability of the different estimates has been discussed intensively, and comparisons have been made (e.g. Bourdoux, 1998; Thomson et al, 1996; Konno et al, 1993) , mostly in favour of iodine concentration. Both estimates are still in use, however. It has previously been suggested that iodineacreatinine ratio might be improved by correcting for the sex of the subjects (Vought et al, 1963; Konno et al, 1993) , and we further suggest a principle correcting also for age, allowing a better individual estimate of iodine excretion.
Material and methods
A total of 123 24 h urine samples and corresponding casual urine samples were collected from 31 members of the hospital staff and relatives: 24 men and seven women aged from 27 to 71 y. Each participant contributed two to six urine collections.
Urinary iodine was measured with a Sandall ± Kolthoff reaction after digestion with chloric acid essentially as described by Dunn et al (1993) . The within-run coef®cient of variation was 0.04 ± 0.10 and between-run coef®cient of variation 0.07 ± 0.16. Creatinine was measured by the kinetic method of Jaffe (Bartels & Bohmer, 1971) .
Iodine was measured in the 24 h samples giving the 24 h iodine excretion. Three estimates of iodine excretion were calculated from casual urine samples: iodine concentration, iodineacreatinine ratio and age-and sex-adjusted iodinea creatinine ratio. For the adjusted ratio, we expressed iodineaexpected daily creatinine excretion for the given individual using the following formula:
If for instance the participant is a young man, a 24 h creatinine excretion of 1.74 g is expected, and expressing iodine excretion just as iodineag creatinine would have underestimated the 24 h urinary volume and thereby the iodine excretion.
The expected 24h creatinine excretion is based on the data from a large Belgian population study (Kesteloot & Joossens, 1996) with combination of some groups due to negligible variation. The 24 h creatinine excretion for men declined from 1.74 g (25 ± 49 y) over 1.63 g (50 ± 59 y) and 1.47 g (60 ± 69 y) to 1.39 g (min 70 y). For women the ®gures were 1.23 g (25 ± 49 y), 1.15 g (50 ± 59 y), 1.07 g (60 ± 69 y) and 1.00 g (min 70 y).
All computations were done with the SPSS for Windows v. 8.0. statistical software package. The investigation was approved by the Regional Research Ethics Committee of Copenhagen and all participants gave written informed consent.
Results
Of the 123 24 h samples, 11 revealed a creatinine excretion less than 75% of the average for the samples of that individual. As these samples might have been incomplete, they were excluded from further analysis, although it meant only minor differences.
The four different ways of expressing iodine excretion are described in Table 1 . The three estimates of iodine excretion from spot urine samples were all signi®cantly lower than the values obtained from the 24 h samples, and the age-and sex-adjusted iodineacreatinine ratio was signi®cantly higher than the other two estimates based on casual urine samples (P`0.001; Wilcoxon). Median urinary 24 h volume was 1910 ml (range 685 ± 3300). Creatinine excretion was in median 0.06 g (3.8%) lower in 24 h urine samples in our study population compared to expected values from the Belgian study; the coef®cient of variation between expected and measured creatinine excretion was 11.8%.
Discussion
The correlation and agreement with 24 h urinary iodine excretion were better for the age-and sex-adjusted iodinea creatinine ratio than for the traditionally used estimates based on iodine concentration or the crude iodinea creatinine ratio. A perfect agreement to 24 h values is no prerequisite for using iodine excretion estimates, at least when only samples representative for an entire population are investigated and only comparisons to the same type of estimate are drawn. The different estimates do have certain limitations, however.
The crude iodineacreatinine ratio will lead to overestimation of the iodine intake of a population in countries with a low protein content of the diet as reported from some African countries (Bourdoux, 1998) . Furthermore, the ratio is underestimating iodine excretion in industrialized countries compared to 24 h values as found in this study due to an average creatinine excretion above 1 gaday; but what is more important, the degree of underestimation is dependent on the age and sex composition of the investigated cohort. Thus, the estimate is only valid for comparisons of cohorts with the same age and sex composition, and no strati®ca-tions within a cohort are possible.
Iodine concentration cannot give a precise measure of iodine excretion in single individuals due to the large interindividual variations in 24 h urinary volume; accordingly we found a low correlation coef®cient with 24 h iodine excretion in our data. A bias may be introduced, as differences in urinary volume may also exist between populations or between age groups in a population (Simpson et al, 1978) ; in this study iodine concentration was 40% below 24 h iodine excretion compared to 25% reported by Thompson et al (1996) . Consequently, this estimate should also be limited to use for overall comparisons between cohorts with the same age and sex distribution and may still be biased.
The age-and sex-adjusted iodineacreatinine ratio will give a better estimate of iodine excretion at the individual level, and this will be useful in comparisons of studies including only particular groups. It is also an advantage if iodine excretion is to be used in regression analyses or if strati®cations within a study are used in the analysis of iodine excretion data. It is still not completely equal to 24 h iodine excretion, which should still be used whenever possible. This new age-and sex-adjusted iodineacreatinine ratio should also not be implied if creatinine excretion in the population may be low.
In conclusion age-and sex-adjusted iodineacreatinine ratio is the most precise of the tested estimates of iodine excretion based on casual urine samples compared to 24 h iodine excretion. As the other estimates have the advantage of having been used extensively in the past, iodine concentration and age-and sex-adjusted iodineacreatinine ratio could be used in parallel allowing the use of the most proper estimate for the particular context. Age-and sex-adjusted iodineacreatinine ratio N Knudsen et al
